The potential anesthetic effect of ketamine in combination with xylazine was examined in the common carp (Cyprinus carpio). Anesthesia (indicated by cessation of voluntary swimming and loss of responses to pinching the skin with forceps and pricking the tail with a needle) was induced by mixing 14.4 ml of ketamine (5% solution), or 11.4 ml of xylazine (2% solution), or both, in 10 l of water containing 10 fish/group. Xylazine alone induced sedation and anesthesia in 5-12.3 min with a mean duration of 7.3 min. Ketamine alone induced similar effects in 7.2-9.7 min for an average of 24.2 min. Combined xylazine and ketamine took longer (14-22.8 min) to induce sedation and anesthesia, but the duration was longer (42.7 min). The respiratory rates of anesthetized fish significantly decreased in all treatments when compared to controls. In conclusion, the combination of xylazine-ketamine was found to induce smooth anesthesia in the common carp for a time sufficient for common clinical and surgical interventions.
Anesthetic agents are commonly used in fish to ease handling during harvesting, sampling, and spawning procedures and to reduce metabolism and prevent injury during transportation (Losey and Hugie, 1994; Bowser, 2001; Meyer and Fish, 2008; Ross and Boss, 2008; Stoskopf and Posner, 2008) . Anesthetic agents such as ketamine, benzocaine, metomidate and urethane are also needed to immobilize the fish for surgical interventions (Bowser, 2001; Meyer and Fish, 2008; Ross and Boss, 2008; Stoskopf and Posner, 2008; Zahl et al., 2009) . Ketamine is a dissociative anesthetic widely used in several animal species (Branson, 2001; Meyer and Fish, 2008) . It is usually combined with alpha-2-adrenoceptor agonists such as xylazine, detomidine, and medetomidine to induce balanced anesthesia (Short, 1992; Branson, 2001) .
Ketamine in combination with fentanyl has induced anesthesia experimentally in Antarctic fish (Bastos-Ramos et al., 1998) . Ketamine with xylazine will induce anesthesia in grey nurse sharks in 10-20 min for 10-20 min (Smith, 1992) . However, Ross and Boss (2008) recommended against the use of xylazine as the sole anesthetic agent in fish because it might produce ventilatory collapse and convulsions. Because of limited reports on the use of ketamine-xylazine combinations in fish (Smith, 1992; Ross and Boss, 2008) , we examined the anesthetic effect of ketamine in combination with xylazine in the common carp (Cyprinus carpio). Ketamine-xylazine anesthesia might be preferred over other anesthetics in fish because of its effectiveness, safety, and the availability of a specific antidote (atipamezole; Smith, 1992; Ross and Boss, 2008) .
Common carp (16-29 cm, 40-91 g) were obtained from the College of Agriculture and Forestry, University of Mosul. Forty, apparently healthy fish were randomly divided into four groups of 10 animals each, which were kept at a temperature of 25 C in a tank containing 10 l dechlorinated tap water aerated continuously. Fish were acclimated 7 days before the experiment and were kept without food for 24 hr before anesthesia. All experiments complied with institutional regulations addressing animal use; scientific committees of the departments involved, and of the Council of the College of Veterinary Medicine at the University of Mosul, approved and included the present research protocol in the scientific studies planned for academic year 2008-2009. Anesthetic for the three treatment groups was prepared by adding 1) 14.4 ml of ketamine (5% solution, Holden Medical, Lelystad, The Netherlands), 2) 11.4 ml of xylazine (2% solution, Egyptian Company for Chemicals and Pharmaceuticals, 10th of Ramadan City, Egypt), or 3) the combination of both with 10 l of water. A fourth, untreated group served as a control. The doses of ketamine and xylazine were based on preliminary experiments conducted in the common carp, as well as on the literature (Smith, 1992 , Bastos-Ramos et al., 1998 . We measured time to anesthesia in the fish by observing cessation of voluntary swimming and loss of responses to pinching the skin with forceps and pricking the tail with a 22-gauge needle every 2-3 min (Smith, 1992 , Bastos-Ramos et al., 1998 Zahl et al., 2009) . Pinching and pricking were stopped once the time to onset of loss of responses to these stimuli was determined. To allow the fish to recover from anesthesia smoothly, once anesthesia was induced we did not attempt to further disturb them by pinching and pricking. After the induction of anesthesia, respiratory rates (operculum movements) were recorded, and the fish were transferred into fresh, untreated dechlorinated water in a 10-l tank for recovery and measurement of the duration of anesthesia. The data were subjected to one-way analysis of variance followed by the least significant difference test (Petrie and Watson, 1999) .
Statistical analyses were considered significant at an alpha level of P,0.05.
Xylazine alone induced a state of sedation and anesthesia in the fish in 5-12.3 min with a mean duration of anesthesia of 7.3 min (Table 1) . Ketamine alone induced similar effects in 7.2-9.7 min and a duration of 24.2 min (Table 1) . Xylazine and ketamine combined took longer (14-22.8 min) to induce sedation and anesthesia, but duration was longer (42.7 min; Table 1 ). Respiratory rates of anesthetized fish significantly decreased in all treatment groups when compared to controls (Table 2) . After the experiment, fish were kept for two days, during which no adverse effects were observed.
Xylazine is a sedative and analgesic alpha-2 agonist with muscle relaxant activity; ketamine is a dissociative anesthetic agent with poor muscle relaxant action (Short, 1992; Branson, 2001) . Their combination is known to produce balanced anesthesia in several animal species, primarily mammals (Short, 1992; Branson, 2001) . Our study in common carp demonstrates that the immobility and duration of anesthesia using the ketamine-zylazine combination (about 43 min) would be sufficient for handling of the fish for clinical examinations, sampling procedures, or surgical interventions (Losey and Hugie, 1994; Bowser, 2001; Meyer and Fish, 2008; Ross and Boss, 2008; Stoskopf and Posner, 2008) . Anesthesia in the fish was accompanied by loss of reaction to unpleasant stimuli and respi- ratory depression (Tables 1, 2 ). Depressed respiration is a common side effect of anesthetic agents in fish (Smith, 1992; Losey and Hugie, 1994; Bastos-Ramos et al., 1998; Meyer and Fish, 2008; Zahl et al., 2009 ). Because of the short duration (7-24 min) of immobility measured in the present study, we recommend the use of xylazine or ketamine alone only for shorter clinical procedures. Caution should be practiced when using either agent alone, as xylazine was reported to cause ventilatory collapse and convulsion (Smith 1992; Ross and Boss, 2008) , and ketamine was not effective in inducing complete immobility (Smith 1992; Bastos-Ramos et al., 1998; Ross and Boss, 2008) in other fish species. Metabolic variations and species differences are important factors that contribute to differences in responses of fish to anesthetic agents (Bastos-Ramos et al., 1998; Meyer and Fish, 2008; Ross and Boss, 2008; Zahl et al., 2009) . This study was supported by the College of Veterinary Medicine, University of Mosul, Mosul, Iraq. 
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